Introduction
Bronchopulmonary aspergillosis is caused by the inhalation of spores from Aspergillus spp., most commonly Aspergillus fumigatus [1] , although similar clinical and radiological presentations can also be attributed to other fungi. The clinical manifestations of the condition are largely determined by the integrity of the lung [2] as well as the innate and adaptive immune responses of the individual to the inhalation of the fungal spores [3] . The condition is broadly divided into different clinical forms depending on the immunological status of the patient and lung: allergic bronchopulmonary aspergillosis (ABPA) is caused by the bronchial colonisation of Aspergillus spp. and a T-helper cell 2 immune response due to lung hypersensitivity in patients with asthma and cystic fibrosis, whereas acute invasive pulmonary aspergillosis (IPA) affects severely immunocompromised patients [4] . In contrast, the chronic forms of Aspergillus infection constitute a debilitating syndrome affecting patients with pre-existing structural lung diseases ( fig. 1 ) [3, 5] .
Chronic pulmonary aspergillosis (CPA) occurs in individuals with an underlying lung disease, in particular,
Diagnosis Approach
The diagnosis of CPA relies on a combination of criteria related to patient characteristics, thoracic CT scan findings and mycological analysis, i.e. the detection of Aspergillus precipitins (IgG) in the serum and/or the isolation of Aspergillus spp. from respiratory samples [3] ( table 1 ). However, none of these criteria in isolation is specific for CPA. Each can be observed individually in cases of lung cancer or other chronic respiratory infections such as tuberculosis (TB) or non-TB mycobacterial infection but also in a typically complete form of CPA ( table 1 ). Consequently, the isolation of Aspergillus spp. may often only be the evidence of colonisation of the respiratory tract, especially as the sensitivity/specificity of galac- CPA in a 50-year-old patient. A large cavity filled with a typical fungus ball surrounded by an air crescent is seen in a partly collapsed left upper lobe. The pleura are thickened and the remaining left lung shows distortion features. Table 1 . CPA: diagnosis criteria and definitions [3] 1 Chronic pulmonary or general symptoms including at least 1 of the following (for a minimum of 3 months in duration): weight loss, productive cough or haemoptysis 2 A progressive formation and expansion of single or multiple pulmonary cavitations surrounded by a wall and possible pleural thickening on radio-imaging [20, 27] 3 A positive result for a serum Aspergillus spp. precipitins test or an isolation of Aspergillus spp. from the pulmonary or pleural cavity 4 Increased biological inflammatory syndrome markers (C-reactive protein, plasma viscosity or erythrocyte sedimentation rate) 5 The exclusion of all other causes that could imitate the symptoms (bronchial carcinoma, TB and atypical mycobacteria) 6 No overt immunocompromising conditions (HIV infection, leukaemia and chronic granulomatous disease) 1 Confirmatory studies are needed [9] . 2 In forms of CNPA with a semi-invasive nature, the antigen can sometimes be positive for GM [10, 11] .
tomannan (GM) antigen testing (in the serum and respiratory secretions) for the diagnosis of CPA has still to be elucidated. There are a number of diagnostic approaches which can be implemented to identify suspected CPA ( table 2 ).
Clinical Examination and Underlying Risk Factors for CPA
CPA tends to affect middle-aged patients who are not immunosuppressed. It has an indolent progressive course which can last for years. The usual clinical signs and constitutional symptoms include fever, malaise, fatigue and weight loss. In addition, patients may exhibit non-specific respiratory symptoms such as chronic productive cough and haemoptysis. Pleural thickening and Aspergillus empyema can complicate the course of some forms of CPA .
In almost all cases, it develops as a result of an underlying pulmonary pathology, which may be responsible for the presence of a residual bronchopulmonary or, less frequently, pleural cavity [12] . The two most common conditions associated with the development of CPA are (1) TB and atypical Mycobacterium infection and (2) COPD and emphysema. The latter are more frequent than the former in recent studies that reflect the decrease of TB epidemics [6] . Other conditions include lung cancer, stage III or IV fibrocystic pulmonary sarcoidosis and silicosis ( table 3 ) [6, [12] [13] [14] .
The pre-existent cavity is sometimes the only condition underlying the development of a CPA. In other circumstances, a number of comorbidities (that define a socalled 'mild immunosuppression') represented by alcoholism, tobacco abuse, diabetes, glucocorticoid treatment or TNF-α inhibitor therapy are found [3] . In any case, the CPA forms are characterised by the absence of vascular invasion. At most, a moderate wall invasion of the cavity by hyphae (as opposed to the invasive forms of immunocompromised subjects), a low tendency for metastasis and a chronic granulomatous reaction may occur [12] .
The Role of CT Scan Imaging in CPA Diagnosis
Radiological features are a combination of the underlying structural lung parenchyma alterations resulting mostly from the lung immune/inflammatory response against Aspergillus spp. rather than from direct invasion by the fungi. Yousem [15] reported three pathological patterns: a necrotising granulomatous pneumonia, a granulomatous bronchiectatic cavity with parenchymal invasion and a bronchocentric granulomatosis-like reaction. These histopathological descriptions indicate the variety of radiological patterns observed.
Initial descriptions of CPA have been performed using chest X-rays [16] [17] [18] . CT has provided useful information regarding the characteristics, distribution and extent of features in great detail and with precision [19, 20] . These findings are non-specific and can be encountered in TB, actinomyosis and lung carcinoma. Nevertheless, in a proper clinical setting, the diagnosis of CPA can be suggested. The most common appearance is the presence of unilateral or bilateral areas of consolidation, frequently with one or several cavitations. In about 50% of cases, these contain typical fungus balls [5] that appear as lowattenuation material that does not enhance after intravenous (IV) injection of contrast media ( fig. 1 ). The walls of cavitation are thick and the pleura are frequently also thickened; these features are useful for distinguishing CPA from simple aspergilloma which develops in a previous, known thin-walled cavity. Additional features of varying degrees are areas of consolidation or of groundglass attenuation, most often seen in the cavity surroundings. Pulmonary nodules of varying sizes may be present, sometimes taking the characteristic appearance of the tree-in-bud sign, indicating that small dilated bronchi- Mycological and Immunological Diagnosis of CPA While sputum samples can reveal the presence of Aspergillus spp . , a negative result can be found in 50% of cases [4] . The detection of filamentous fungi evoking Aspergillus by direct examination in bronchial samples is significantly associated with CPA compared to colonisation [21] . Bronchoalveolar lavage (BAL) sensitivity is usually about 50% in most cases, although it can be difficult to distinguish between colonisation and infection [21, 22] . Colonisation is less probable in cases with radiological findings consistent with CPA. A study by Ohba et al. [23] found 67.4% of the patients to have Aspergillus spp. colonisation, but only 32.6% were diagnosed with CPA. This study highlights the importance of identifying additional clinical and radiological characteristics, such as the underlying disease as well as positivity for Aspergillus spp. antibodies, for obtaining a definite diagnosis of CPA.
The impact of GM antigen testing (in the serum and respiratory secretions) for the diagnosis of CPA has still to be elucidated. A comparison of the usefulness of testing the GM antigen in the serum and respiratory tract samples for the diagnostics of CPA has been reported in only a few studies. BAL fluid is theoretically found to be more effective in determining Aspergillus spp. than serum when testing for GM, but the GM antigen is sometimes positive in serum [24] . In a series of patients with aspergilloma, the sensitivity of serum and BAL for GM antigen detection was 38 and 92%, respectively [9] . In another series of patients with CPA, Kono et al. [10] showed that the detection of GM antigen on bronchial washing specimens was more sensitive (85.7%) than in the serum (14.3%) for a cut-off optical density index value of ≥ 0.5, though the specificity was very similar (76.3 vs. 78.9%, respectively).
The serum precipitin test detecting antibodies (IgG) against Aspergillus is the most useful diagnostic tool for CPA, and its sole positivity (associated with a suggestive clinical and radiological context) is sufficient to ensure the diagnosis of CPA. Isolation of Aspergillu s on direct examination or culture (an infrequent occurrence) is not required for diagnosis when serum Aspergillus precipitins are positive. Consequently, the development of a new anti-A. fumigatus IgG enzyme immunoassay (EIA) was a useful diagnostic tool for the detection of Aspergillus spp. antibodies in CPA [25] . Kitasato et al. [26] reported that the A. fumigatus EIA was more sensitive than the Platelia TM Aspergillus EIA for the diagnosis of CPA, even with a new cut-off index of ≥ 0.5. Otherwise, false-positive reactions are observed with the Platelia Aspergillus EIA in patients with conditions such as pulmonary actinomycosis.
Similar to other diagnostic methods, however, falsenegative results may arise as a result of seronegative patients receiving corticosteroid therapy or due to infection by a species other than A. fumigatus [5] .
Exclusion of Other Diagnoses
Diagnostic criteria for CPA also need to exclude infectious (TB, non-TB mycobacterial infection, histoplasmosis and coccidiomycosis) or non-infectious (lung cancer, rheumatoid arthritis and sarcoidosis) pulmonary disease that can mimic or promote the occurrence of CPA [3, 4] . Furthermore, recent studies report that patients with CPA may, concurrently or subsequently, also have the above-cited chronic infections [28] [29] [30] . Accordingly, before considering the treatment of probable CPA and in 166 the absence of absolute diagnostic criteria for CPA, it seems necessary to eliminate the diagnosis of lung cancer or other associated infections by any means, e.g. the repetition of microbiological research in the sputum or by the appropriate serologies, but also by performing a fiberoptic bronchoscopy or a new chest CT scan after some weeks of observation.
CPA: Classification
CPA exists in the form of distinct classifications with regard to clinical, radiological and physiopathological entities. All entities have been found to share the characteristics of weight loss, fatigue and chronic cough, sometimes associated with chest pain and haemoptysis; this suggests that they all belong to a common Aspergillus spp. infectious group [3] ( table 1 ) .
Aspergilloma is a form of CPA in which pre-existing cavities become colonised by Aspergillus spp. Aspergilloma has been subdivided into the 'simple' and 'complex' types according to the radiological appearance; the latter is now called 'chronic cavitary pulmonary aspergillosis' (CCPA). According to Denning et al. [3] , CPA with systemic symptoms can been subdivided into chronic necrotising pulmonary aspergillosis (CNPA), CCPA and CFPA. As it is clinically difficult to distinguish these forms from one another, we use the term 'CPA' to encompass simple aspergilloma, CCPA and CFPA, with CNPA being classified as a sub-acute form of IPA [31] .
Simple aspergilloma is caused by Aspergillus spp., most frequently A. fumigatus , although other species including A. flavus , A. niger and A. terreus can be responsible for the condition [7, 23, 32] . Colonisation occurs in either scarred lungs or in a pre-existing lung cavity that may have been caused by a previous infection, most commonly TB. Patients are usually asymptomatic, though a varying degree of mild-to-severe haemoptysis is also found [32] .
CCPA (formerly called complex aspergilloma) is the formation and expansion of multiple cavities or the extension of a pre-existing cavity; some contain fungal balls [3, 7] . Pulmonary and systemic symptoms reflect a granulomatous reaction and tissue necrosis, which are destructive for the lung and lead to the formation of cavities through parenchymal necrosis (see the paragraph above: 'The Role of CT Scan Imaging in CPA Diagnosis'). Chronic development of CCPA occurs over several months and the condition commonly relapses, even after surgery. Over time, if untreated, these cavities enlarge and coalesce, and the fungal balls may appear or disappear. The terminal fibrosing evolution of CCPA is CFPA, and this arises when the aspergillosis remains untreated, leaving chronic scars on the lungs and extensive pulmonary fibrosis that does not improve with subsequent treatment [3, 33] . The development from CCPA to CNPA is caused by cavity expansion and is found among patients with impaired immunity, such as those on low immunosuppressive doses of corticosteroids or those suffering from diabetes or liver cirrhosis ( fig. 3 ) [3] .
CNPA is the progressive enlargement of a single (preexisting) cavity, usually with a thin wall, either progressing slowly over months or rapidly in weeks (called the sub-acute form) [3] . This necrotising condition was initially identified as an intermediate entity between a [17] ; although these likely share common radiological and clinical features, a distinct type is considered for necrotising subacute IPA, in which the rapidity of installation seems closer to that of invasive forms of aspergillosis in the nonimmunocompromised context [3, 31] .
A new, simplified classification system encompassing all pulmonary Aspergillus spp. infections has been proposed as the following three entities: (1) simple aspergilloma, (2) CCPA, as symptomatic complex aspergilloma or slowly progressive CNPA (>3 months in duration), occurring in patients with a previous history of bronchopulmonary disease, with pre-existing cavitary and with/ without intracavitary fungal balls and (3) sub-acute IPA (rapidly progressive CNPA of <3 months in duration).
However, clinical and radiological descriptions of a large cohort of patients is required to better understand the significance of features of Aspergillus spp. infections in terms of prognosis and outcome [33] .
CPA: Current Treatment Options
The aim of current treatment strategies is to eradicate aspergillosis or, more commonly, to provide palliative treatment. For simple aspergilloma, treatment is not necessarily required, as spontaneous lysis occurs in 10% of cases and clinical and radiological stabilisation in 25% [34] . However, surgical resection may be appropriate in selected patients (carefully evaluated for risk factors) [35] . Oral systemic antifungal therapy is unnecessary for simple aspergilloma [35] . Evidence from systemic administration of itraconazole found a lack of immunological or symptomatic improvement in patients with pulmonary aspergilloma [36] . The lack of lesion blood supply proves medical therapy to be generally ineffective [37] . However, a late response was observed after itraconazole administration, suggesting that antifungal therapy may indeed have increased efficacy in the long term [36] . Antifungal treatment may be combined with surgery in certain cases of prolonged illness or frequent haemoptysis [38] , but this has not been found to offer any overall improvement in patient morbidity or mortality in the last decade [39] . It is also considered hazardous and should only be performed in high-risk patients [40] . For CPA, long-term antifungal treatment is usually required, but case-by-case surgery should be discussed [41] . Patients with poor pulmonary function are generally inoperable and can, alternatively, undergo endovascular treatment such as bronchial artery embolisation (BAE) in the case of life-threatening haemoptysis and also receive systemic antifungal therapy [42] . However, no documented therapeutic strategy has been outlined for CCPA and CNPA because very few methodologically satisfactory studies have been carried out. The general recommendation is prolonged or life long systemic antifungal treatment [35] .
In all cases, it is important to treat underlying conditions and comorbidities by reducing corticosteroid therapy and providing nutritional support and respiratory rehabilitation. There are several contributing factors that determine which treatment approach to adopt and these need to be tailored to the individual.
Surgical Therapy for CPA
According to recent IDSA guidelines, in patients at a low surgical risk, surgical resection can offer a permanent cure as well as avoid haemoptysis and locoregional extension, and therefore improves survival [35, 38, 42] . Possible procedures include lobectomy, pulmonectomy, atypical resection, cavernostomy and thoracoplasty [43] . Surgery has been found to be successful in patients with better lung function and localised pulmonary disease [44] . In those with compromising underlying diseases, impaired respiratory function, poor general health and in the elderly, there is a high frequency of postoperative morbidity and mortality as well as a lack of published randomised clinical trial data [7, 42, 43, 45] . Surgical treatment should be considered when the clinical benefit outweighs the risk to the patient [38] and the cost of treatment; this was illustrated in a retrospective study conducted by Chen et al. [46] ( tables 4 , 5 ). Farid et al. [47] , in a recent study on 30 patients who underwent surgery for CPA (12 with simple aspergillomas and 18 with CCPA), reported that surgery offered good outcomes with acceptable morbidity. No operative or 30-day mortality was reported. The main postoperative complications were prolonged air leak (23%), empyema (20%) and respiratory failure requiring tracheostomy/ reintubation (13%). Recurrence of CCPA was noted in 8 patients (29%), most of whom had had prior CCPA (75%). 1 Including bronchopleural fistula [37] , empyema, hypoxic encephalopathy, aortic graft thrombosis, disseminated intravascular coagulopathy. Systemic Antifungal Treatments for CPA Administration of systemic antifungal therapy is, to date, the cornerstone of CPA management, especially in patients who cannot undergo surgery [35] . In a very recent randomised controlled trial, Agarwal et al. [31] reported the superiority of itraconazole therapy over standard supportive treatment. Two other trials have also shown an improvement in quality of life after initiating triazoles in the setting of CPA [41, 55] . While several different classes of antifungal agents have been introduced, the emergence of triazole antifungal drugs has been found to be an effective therapeutic agent against almost all forms of CPA [48] . If tolerated, triazole agents have acceptable side effects [8, 12, 35, 36] . Used orally, these drugs can be particularly suitable for the long-term treatment that is needed for recovery. IV administration is not necessary in the majority of cases, as CPA is usually chronic or sub-acute. It also requires hospitalization and therefore incurs higher costs. In a recent prospective randomized trial, IV administration of micafungin was not significantly different in efficacy to voriconazole [48] . Voriconazole is available in both the oral and IV form, with the oral form being very well absorbed.
IV Antifungal Treatment, Amphotericin B and
Candins IV application of amphotericin B was found to achieve success against CPA in 80% of patients [3] ( table 6 ) . However, this response was short-lived and 7/18 of the patients experienced significant toxicity [3] . Other studies have also found amphotericin B to have several associated toxicities and a limited efficacy related to long-term therapy [53, 56] . Although the amphotericin lipid complex has an improved safety profile, there is no evidence of enhanced efficacy [56] .
Micafungin, an echinocandin antifungal agent, has been proposed as an alternative to voriconazole due to its improved safety profile (see below). A multi-centre trial in Japan, conducted by Kohno et al. [51] , found the efficacy of the IV administration of micafungin and voriconazole to be 60 and 53.2%, respectively. However, there was no difference in efficacy between the two after 2 weeks (p = 0.34) or at the end of the treatment (p = 0.5). Fewer adverse effects were reported with micafungin [51] . Further study on the safety of micafungin found that adverse effects occurred in 15.8% of patients, the most common being abnormal liver function. This was a small, non-randomised observational study, however, so further studies are required to establish the safety of this drug in comparison to voriconazole [57] . A weak point of these candins is their exclusive IV formulation availability, which can make administration in the long term more difficult.
Oral Triazoles, Itraconazole, Voriconazole and Posaconazole
For cases of CCPA and CNPA, oral triazole antifungal therapy is preferred; it improves symptoms and prevents the progressive destruction of lung tissue and the development of pulmonary fibrosis [50, 58] . Patients with CPA generally require long-term treatment, particularly recommended for CCPA patients due to their local innate immune defects, established during relapses when itraconazole is stopped [7, 42, 53] . This has also been indicated by a higher response rate to long-term treatment (53.3%) than short-term treatment (25%) in 23 CNPA patients receiving IV and oral therapy [58] .
Itraconazole
The use of the fungistatical azole itraconazole for CPA has been evaluated, with varying results [3, 36, 40, 49, 60] . In an open, multi-centre study, 93% (13/14) of CNPA patients were found to respond to a daily treatment of 200-400 mg of itraconazole; 3/13 had relapses [53] ( table 6 ) . In a controlled trial by Agarwal et al. [31] , the number of patients showing an overall response was significantly higher in the itraconazole group (n = 17; 76.5%) than in the control group (n = 14; 35.7%) (p = 0.02). The number of patients demonstrating clinical or radiological response was also significantly higher in the itraconazole group than in the controls (p = 0.016 and 0.01, respectively). While itraconazole has demonstrated higher complete and improved response rates than amphotericin B [53] , it has many drug interactions, and recent findings have suggested prolonged treatment may cause resistant A. fumigatus [61] . This was demonstrated by a positive correlation between the duration of treatment and minimum inhibitory concentration (MIC) levels [62] . In addition, itraconazole administration has been associated with cardiac ventricular and gastrointestinal dysfunction and variable bioavailability [35, 49] .
Voriconazole
Voriconazole has a different structure to itraconazole and so acquires different properties, including an extended spectrum of activity against rarer fungal species, a different pharmacokinetic profile as well as different drug interactions and adverse effects. It is therefore a useful alternative for patients who do not respond/are intolerant to itraconazole [50, 63] . Voriconazole exhibits fungicidal Open, international study to access the clinical result of treatment in aspergillosis and aspergilloma patients. Assessed marked improvement and cure between 11 and 780 days [49] 137 itraconazole, 50-400 mg daily 26 (62) 29 (66) Open, multi-centre French study to access itraconazole as an alternative to amphotericin B in IPA and CNPA patients. Improvement, stability and failure were assessed [53] 49 itraconazole, 200-400 mg daily 10 (71) 13 (93) Prospective, multi-centre study to examine the efficacy and safety of short-and long-term treatment [58] 23 itraconazole 10 (44) Retrospective South Korean study to review treatment for CNPA with different anti-fungal drugs for a median of 6 months. Clinical and radiological improvement were assessed [59] 43 including itraconazole, 200-400 mg daily
(62)
Retrospective study to assess posaconazole treatment in CPA. Clinical and radiological responses at 6 months were determined [8] 79 posaconazole, 400 mg twice daily
(61)
Retrospective, multi-centre study to access voriconazole administered in CPA patients. Clinical, radiological and mycological improvements were assessed every 3 months until the end of treatment [12] 24 voriconazole, per body weight according to recommendations 6 (67) 10 (67) Retrospective study assessing the efficacy and tolerability of treatment in patients intolerant of or failing on itraconazole. Response rate to therapy was 64% over 3 months [50] 16 voriconazole, 150-220 mg twice daily
(64%)
Prospective, open-label, non-comparative, multi-centre study over 2 years to assess the safety and tolerability of voriconazole in CPA patients. Response was based on a composite of clinical, radiological, serological and mycological criteria [54] 71 voriconazole, patient-specific doses
(61)
Open, non-comparative multi-centre, prospective study to assess 200 mg voriconazole administered twice daily in invasive and chronic aspergillosis. Efficacy, safety and tolerability by marked clinical, radiological and mycological improvement were assessed [56] 171 activity against A. fumigatus and has illustrated effectiveness against pulmonary and disseminated aspergillosis in both immunocompromised and immunocompetent patients, and has an MIC concentration comparable to amphotericin B and itraconazole [12, 55, 56] . For these reasons, voriconazole has been found to be an effective agent as a primary or salvage treatment against CPA [12, 56, 64] . A recent prospective, open, non-comparative multicentre study of CPA patients treated twice daily with 200 mg of voriconazole, found that the primary end point, measured as global success at 6 months with complete or partial ( ≥ 50%) radiological response and mycological improvement, was achieved in 32% patients (compared to 80% in an earlier study) [55, 56] . This was the first prospective study that included an extensive follow-up period for measuring response rates and quality-of-life improvements. It found that global success after 3 and 6 months did not differ significantly (29 and 32%, respectively) [55] . It also found that the efficacy of voriconazole was greater in patients with CNPA than in those with CCPA, with success rates at the end of treatment of 58 and 32%, respectively. These findings were supported by Camuset et al. [12] ( table 6 ). The proposed explanation for this may be that the Aspergillus spp. infection in CNPA develops within the parenchymal lung tissue whereas in CCPA, it develops within the cavities surrounded by fibrotic tissue and is therefore less exposed to the antifungal agent [55] . However, in another study, 64% (7/11) of the CCPA patients showed a response (assessed by a fall in inflammatory markers) to voriconazole treatment after 3 months [50] . The most commonly occurring side effects of voriconazole were visual and gastrointestinal disorders and hepatotoxicity [12, 51, 55, 56] .
Hepatotoxicity may be a limiting factor for voriconazole administration and regular monitoring with liver function tests is advised in all patients. Phototoxicity and potentially associated squamous cell carcinoma have also been reported. In the case of phototoxicity, dermatological evaluation should be performed on a regular basis and discontinuation of treatment should be considered [65] .
Posaconazole
The use of itraconazole and voriconazole against CPA has been associated with Aspergillus spp. resistance and drug-related toxicities and has led to the evaluation of alternative drugs [66] . The safety and efficacy of posaconazole 400 mg administered twice daily were assessed in 79 patients with CPA, and a response was observed in 61% at 6 months and in 46% at 12 months, comparable with success rates observed for itraconazole and voriconazole administration [8] . In patients where isolates had a posaconazole MIC of >8 mg, there was no response to posaconazole therapy. However, in 50% of patients who were not anticipated to respond to itraconazole (isolates had an itraconazole MIC of >8 mg), a response to posaconazole was still seen. Adverse effects were found in 15% of patients, with the most commonly occurring effect being nausea [8] .
Refinement Is Needed for the Best Therapeutic Choice
The clinical improvement or complete response to systemic antifungal agents against CPA in several retrospective and prospective studies in the period 1988-2013 are recorded in table 6 . Although the efficacy of systemic antifungal treatments has been assessed, it is difficult to compare the response rates in retrospective studies that involve a small number of patients with highly varied backgrounds [3, 12, 49, 50, 53] . These studies also have poorly defined end points and the CPA entities vary between studies [8, 49, 53] . In the voriconazole studies of Jain and Denning [50] and Camuset et al. [12] , a stable response was considered as failure; this opposes the results of several other itraconazole studies [36, 53] .
The basis of the medical treatment of CPA is long-term treatment with one of the triazole-group drugs, reflecting up-to-date treatment guidelines [35] . However, more prospective studies with greater statistical power are required; these must be comparative and define strategies and treatment durations [35] . According to the current IDSA guidelines, antifungal treatment with itraconazole, voriconazole and posaconazole provides potential for therapeutic benefit with comparatively minimal risk [35] .
Endovascular and Other Interventional (Instrumental) Procedures
In the majority of cases, CPA has been associated with haemoptysis. Haemoptysis is the cause of death in up to 26% of patients with conditions including aspergilloma and complex aspergilloma/CPA [42] . A possible cause of Aspergillus spp.-induced haemoptysis is the mechanical friction between the fungal balls and the blood vessels of the cavity wall [5] . However, the main mechanism is a bronchial artery hypervascularisation surrounding CPA that is responsible for haemoptysis, although the pulmonary artery area can be involved in rare cases of the semiinvasive forms. The severity of haemoptysis is dependent on the underlying disease and, due to the high mortality rate, prompt management and treatment are required [67] . BAE acts by blocking the putative vessel that supplies the bleeding site in patients [29] . Evidence has demonstrated that BAE is able to achieve immediate control of haemoptysis in 91.6% of aspergilloma patients within 24 h [68] . This has been further supported by Uflacker et al. [69] , suggesting that BAE is an effective treatment for CPA patients; however, relapse is common and may be a result of partial embolization, progression of CPA and diffuse pulmonary involvement [69] . Any patient with even minimal haemoptysis should be promptly investigated by CT angiography for a clear understanding of the bleeding site, the underlying disease and the vascular origin of the bleeding.
Localised antifungal therapy has demonstrated efficacy in treating aspergilloma/CPA by using endobronchial or intracavitary instillation of amphotericin B. Trials have shown that 87.5% of patients achieved resolution or clinical improvement with this treatment [42] . A study conducted by Giron et al. [70] injected amphotericin paste and found that this method controls haemoptysis (with or without previous embolization). The CT-guided injected paste also provided prolonged exposure to the antifungal agent, and led to the disappearance of the aspergilloma and a negative result for Aspergillus spp. serology [71] . This procedure is, however, problematic for those with compromised pulmonary function and can be associated with pulmonary abscess, anaphylactic shock, pneumothorax, haemoptysis and pleural seeding. In addition, although the aspergilloma was found to disappear, the cavity remained in 26 patients and this can cause potential recurrence of aspergilloma in the future [42, 70] . This procedure should only be used in the treatment of cases refractory to the reference treatment [35] . Figure 4 is a tentative global therapeutic strategy for CPA. In all cases, any associated comorbidity, smoking, malnutrition and alcohol intake or diabetes should be considered and monitored as well as the intake of oral and inhaled corticosteroids. All non-mycological causes of infectious or non-infectious pulmonary diseases must be investigated and treated.
CPA: Proposal for a Global Therapeutic Strategy Algorithm
The first question to ask is 'Is it a simple aspergilloma or not?' If the answer is yes, and haemoptysis is absent, then surgery or treatment with antifungal agents is not recommended. Regular follow-up with clinical evaluation, chest X-ray and CT scan is needed. For patients with haemoptysis, surgery should be considered in the absence of contraindications. If surgery is undertaken, postoperative antifungal treatment is still not recommended for this patient group.
In the case of patients with CPA other than simple aspergilloma, the use of oral triazole treatment may be preferable to IV treatment (good absorption) [31] . For patients with severe haemoptysis, the option of BAE combined with oral triazole treatment should be considered. Subsequently, the patient's tolerance to treatment, improvement in quality of life as well as signs of infection on imaging and Aspergillus in the culture sputum should be assessed, and whether further treatment (3-6 months) is required. The duration of antifungal treatment should be longer in cases of CCPA (at least 6 months) than in CNPA ( ≤ 6 months). If the initial treatment was found to be inefficient and/or the patient had poor tolerance, the treatment should be stopped and other options considered.
Patients in whom problems with oral absorption of the triazoles are suspected should rather receive IV administration, with oral triazoles being reintroduced with dosage monitoring by serum analysis.
In all cases of CPA other than simple aspergilloma, once the patient has undergone pulmonary rehabilitation including renourishment and 1-3 months of systemic treatment with antifungal agents, surgery is the norm. This is to be followed by treatment with antifungal agents for which the indication and duration must be considered depending on: (1) the underlying disease, (2) the persistence of Aspergillus in the pathological analysis and the culture of surgery specimens and (3) the pleural involvement/contamination during surgery. Surgery is preferable for patients where the disease is stable, but not during episodes of active haemoptysis. In patients with haemoptysis, BAE should be considered along with azole treatment and surgery should be performed only after resolution of the haemoptysis.
Summary
Bronchopulmonary Aspergillus spp. infections include heterogeneous clinical entities which are complicated by associated comorbidities, underlying lung diseases (most commonly severe COPD) and corticosteroid administration. Surgical treatment alone is rarely possible due to the high risk of morbidity and mortality (the optimal candidates for surgical resection are those with a simple aspergilloma and where breathing function is only slightly altered). As a result, a multi-disciplinary approach must be implemented for the treatment of CPA involving specialists including surgeons, radiologists, functional therapists and pulmonologists. This will facilitate the establishment of individualised treatment strategies that take into account the complications that are associated with the treatment of the infection and the underlying diseases. In the area of treatment against aspergillosis, antifungal agents are growing fast, especially with the success of efficacy studies on the long-term oral administration of triazoles for the necrotising and/or sub-acute forms of aspergillosis that have been illustrated in the current IDSA guidelines. However, therapeutic sequences in these forms need to be defined by conducting large, adequately powered, prospective trials in order to determine the optimal therapy and duration of treatment.
